###### Strengths and limitations of this study

-   This study is the first to assess the outcomes of primary open-angle glaucoma (POAG) in a general population with respect to all-cause mortality and major kidney events.

-   The participants were 15 185 patients with a new diagnosis of POAG in a nationwide long-term cohort study.

-   Through propensity score matching, this population-based cohort study adjusted for all potential risk factors to minimise the study errors. Major kidney events were analysed by a competing risk regression model to further confirm the hazard risk.

-   Despite the large sample size, there may be other mediating factors beyond those explored in this analysis.

Introduction {#s1}
============

Primary open-angle glaucoma (POAG) is the most common form of glaucoma and is represented by acquired visual loss and optic nerve injury accompanied with elevated intraocular pressure (IOP) in the USA.[@R1] This disease is typically asymptomatic until the occurrence of advanced visual loss. In addition to elevated IOP, some risk factors for POAG include age \>40 years, African ancestry, a family history of POAG, myopia and the presence of cardiovascular risk factors, such as hypertension and diabetes.[@R2] The mechanisms of optic nerve injury in POAG are unknown but could include damage to the lamina cribrosa[@R4] and ischaemic changes due to insufficient ocular blood supply[@R5] and retinal vessel lesions.[@R7]

Several studies have demonstrated the importance of evaluating cardiovascular risk factors for POAG.[@R9] Mroczkowska *et al* revealed that compared with controls, patients with POAG had increased nocturnal systemic blood pressure levels (p=0.01), peripheral arterial stiffness (p=0.02) and carotid intima--media thickness.[@R9] An observational survey in 35 Italian academic centres evaluated cardiovascular risks in 2879 patients with POAG and age-matched controls.[@R10] Patients with POAG had significantly higher systolic and diastolic blood pressures (p=0.001) than the controls; in addition, the patients with POAG had a higher cardiovascular risk (OR 1.38, p=0.005).[@R10] Therefore, POAG is associated with cardiovascular diseases.

The evaluation of cardiovascular risk factors is crucial in patients with POAG.[@R9] However, the risk of all-cause mortality in patients with new-onset POAG remains unclear, and no studies have yet investigated the risk of major kidney events after POAG onset in the general population. Therefore, we used data from the Taiwan National Health Insurance Research Database (NHIRD) for the 1997--2011 period to examine the long-term outcomes of POAG in a general population with respect to all-cause mortality, acute renal failure (ARF) and end-stage renal disease (ESRD).

Materials and methods {#s2}
=====================

Data source {#s2a}
-----------

This nationwide, observational, propensity score-matched cohort study used data from the Taiwan NHIRD. The Institutional Review Board waived the requirement of informed consent, and we confirmed that all experiments were performed in accordance with relevant guidelines and regulations. More than 99% of the citizens in Taiwan (approximately 23 million persons) are enrolled in the National Health Insurance programme, which has provided compulsory universal health insurance since 1995.[@R11] The NHIRD contains clinical data for population-based longitudinal cohort studies in Taiwan. One of the highest quality databases worldwide, it has been widely used for longitudinal cohort studies[@R12] including our previous reports.[@R14]

All data in the NHIRD are encrypted to protect patient privacy. The database provides a patient identification number; birth date; sex; names of medical institutions providing care; International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes; drug prescriptions; procedure codes; healthcare costs; dates of admission and discharge; date of death; outpatient and inpatient claims data; and related information. All datasets can be interlinked through the unique identification number assigned to each patient.

Study cohort and patient selection {#s2b}
----------------------------------

This study employed all of the registered information and items of the original claims of one million individuals between 1 January 1997 and 31 December 2011, from the NHIRD. Patients who developed ARF and ESRD prior to the occurrence of POAG were excluded. The remaining patients with available follow-up data were divided into two groups: patients with new-onset POAG and those without ocular disorders (WODs; online [supplementary figure 1](#SP1){ref-type="supplementary-material"}). Finally, patients and controls were enrolled and propensity score matched (1:1) by age, sex, diabetes, index date, hypertension, hyperlipidaemia, modified Charlson Comorbidity Index (CCI) score and baseline use of ACE inhibitors or angiotensin II receptor blockers, non-selective and selective β-blockers, calcium-channel blockers, loop diuretics, sulfonylurea, biguanides, α-glucosidase inhibitors, thiazolidinedione, meglitinide, insulin, aminoglycosides, statins, and antiplatelet drugs. Because diabetes was considered a comorbidity, we excluded the diabetes item from the CCI score to avoid repeated calculation, and the derived score was defined as the modified CCI score. The index date was defined as the onset date of POAG. The study follow-up period started from the onset date of POAG. We assigned a date for the control patients who did not experience a POAG event, as a pseudo-POAG event, which matched to the index date of their corresponding case patients (referred to as the index date). This tactic method minimised the length time bias in this cohort study because both groups had the same time frame.
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Outcomes of mortality and kidney events {#s2c}
---------------------------------------

For analyses of the study endpoints, namely all-cause mortality, ARF and ESRD, we censored patients either at their time of death or at the end of follow-up on 31 December 2011.

ICD-9-CM codes {#s2d}
--------------

The ICD-9-CM codes and drug use of patients are interlinked by patient identification numbers in the NHIRD. The ICD-9-CM codes for POAG and ARF are 365.XX and 584.X, respectively. Patients with dialysis are defined as those with catastrophic illness registration cards for ESRD (ICD-9-CM: 585.X) and who received haemodialysis (HD) or peritoneal dialysis for \>3 months of renal replacement therapy. The ICD-9-CM codes for the comorbidities are as follows: diabetes mellitus (250.X), hypertension (401.X--405.X, 437.2 and 362.11), hyperlipidaemia (272.X) and gout (274.X). We modified the CCI score to exclude the diabetes item from the calculation to avoid repeated calculation for the aforementioned comorbidities. Online [supplementary table 1](#SP1){ref-type="supplementary-material"} lists the ICD-9-CM codes. The definition and measurement of the modified CCI score are based on the procedures proposed by Charlson *et al* [@R21] The CCI score is commonly used to analyse the effects of comorbidities on mortality.[@R22]

Statistical analysis {#s2e}
--------------------

Through propensity score matching, the two groups were balanced with respect to known confounders to ensure comparability during analyses.[@R21] We adjusted for potential confounding variables based on clinical relevance, namely age, sex, index date, diabetes, hypertension, hyperlipidaemia, modified CCI score and baseline use of ACE inhibitors or angiotensin II receptor blockers, non-selective and selective β-blockers, calcium-channel blockers, loop diuretics, sulfonylurea, biguanides, α-glucosidase inhibitors, thiazolidinedione, meglitinide, insulin, aminoglycosides, statins, and antiplatelet drugs. Age was considered a categorical variable (≤64, 65--74 and ≥75 years). Patient baseline characteristics were compared using standardised differences that reflect the mean difference as a percentage of the SD, as described by Mamdani *et al* [@R23] The drawback of traditional statistical tests, such as χ^2^ (for dichotomous variables) or t (for continuous variables) tests, is that the significance levels are sensitive to sample size, and these tests are not highly meaningful in studies with large sample sizes. A standardised difference measure is less sensitive to sample size than these traditional hypothesis tests and estimates the relative magnitude of differences. Standardised difference of \>10% indicates important imbalance and is interpreted as significant difference in the mean of a covariate between treatment groups.[@R23] Multivariate Cox proportional hazards regression models were used to assess the adjusted HRs (aHRs) and 95% CIs of all-cause mortality, ARF and ESRD. Because patients with HD have a high all-cause mortality rate, a competing risk regression analysis was performed to assess and demonstrate the reliability of ARF and ESRD outcomes. The frameworks of the competing risk models were constructed as described previously by Lau *et al* [@R24] SAS statistical software (SAS System for Windows, V.9.3; SAS Institute) was used for statistical analysis. All statistical tests were two sided, and p\<0.005 was considered statistically significant for the all-cause mortality and major kidney events.

Results {#s3}
=======

Patient characteristics {#s3a}
-----------------------

In our study, 21 979 patients with new-onset POAG were identified from the NHIRD between January 1997 and December 2011 after the exclusion of patients with ARF (n=115) and ESRD (n=111; online [supplementary figure 1](#SP1){ref-type="supplementary-material"}). Furthermore, patients and controls were propensity score matched (1:1) by age, sex, index date, and all covariates and divided into POAG (n=15 185) and WODs (n=15 ‎185) groups. The two groups did not exhibit significant differences in age, sex, diabetes, hypertension, hyperlipidaemia, modified CCI score and baseline use of antihypertensive and antidiabetic drugs, aminoglycosides, statins, and antiplatelet drugs ([table 1](#T1){ref-type="table"}).

###### 

Clinical characteristics of POAG and WODs groups

  -----------------------------------------------------------------------------------------
                               POAG\           WODs\           Standardised difference\*\
                               (n=15 185)      (n=15 185)      (%)
  ---------------------------- --------------- --------------- ----------------------------
  Age, years                                                   0.04

   ≤64                         12 309 (81.1)   12 563 (82.7)   

   65--74                      2004 (13.2)     1848 (12.2)     

   ≥75                         872 (5.7)       774 (5.1)       

  Sex                                                          0

   Male                        8212 (54.1)     8178 (53.9)     

   Female                      6973 (45.9)     7007 (46.1)     

  Comorbidity                                                  

   Diabetes                    1805 (11.9)     1667 (11.0)     0.03

   Hypertension                3074 (20.2)     2763 (18.2)     0.05

   Hyperlipidaemia             1500 (9.9)      1476 (9.7)      0.01

  Modified CCI score                                           0.10

   \<1                         10 778 (71.0)   11 368 (74.9)   

   1--2                        3793 (25.0)     3177 (20.9)     

   ≥3                          614 (4.0)       640 (4.2)       

  Antihypertensive drugs                                       

   ACEIs and ARBs              1894 (12.5)     1774 (11.7)     0.02

   β-Blockers, non-selective   744 (4.9)       789 (5.2)       −0.01

   β-Blockers, selective       1094 (7.2)      990 (6.5)       0.03

   CCB                         2328 (15.3)     2191 (14.4)     0.03

   Loop diuretics              429 (2.8)       386 (2.5)       0.02

  Antidiabetic drugs                                           

   Sulfonylurea                1349 (8.9)      1227 (8.1)      0.03

   Biguanides                  1235 (8.1)      1117 (7.4)      0.03

   α-Glucosidase inhibitors    202 (1.3)       172 (1.1)       0.02

   Thiazolidinedione           220 (1.4)       177 (1.2)       0.02

   Meglitinide                 113 (0.7)       98 (0.6)        0.01

   Insulin                     303 (2.0)       237 (1.6)       0.03

   Aminoglycosides             924 (6.1)       985 (6.5)       −0.02

   Statins                     824 (5.4)       821 (5.4)       0

  Antiplatelet drugs           1712 (11.3)     1645 (10.8)     0.01

  Propensity score             0.28 (0.13)     0.28 (0.13)     0
  -----------------------------------------------------------------------------------------

n/N, event numbers/total numbers.

\*Standardised differences provide a measure of the difference between groups divided by the pooled SD. Standardised differences are less sensitive to sample size than traditional hypothesis tests. A value greater than 10% is interpreted as a significant difference between groups.

ACEIs, ACE inhibitors; ARBs, angiotensin II receptor blockers; CCB, calcium-channel blocker; CCI, Charlson Comorbidity Index; POAG, primary open-angle glaucoma; WODs, without ocular disorders.

Comparison of POAG and WODs group in relation to all-cause mortality and major kidney events {#s3b}
--------------------------------------------------------------------------------------------

[Table 2](#T2){ref-type="table"} and [figure 1](#F1){ref-type="fig"} present the incidence and risks of all-cause mortality and major kidney events in the POAG and WODs groups. The POAG group had a higher all-cause mortality rate than the WODs group during the follow-up period. Similarly, the POAG group had higher incidences and risks of ARF and ESRD than the WODs group.

###### 

Incidences and risks of all-cause mortality and major kidney events in POAG and WODs groups

  --------------------------------------------------------------------------------------------------------------------------------------------------------------
                        POAG\        WODs\        P values    POAG\        WODs\        Multivariate Cox regression†   P values    Competing risk†   P values
                        (n=15 185)   (n=15 185)               (n=15 185)   (n=15 185)                                                                
  --------------------- ------------ ------------ ----------- ------------ ------------ ------------------------------ ----------- ----------------- -----------
  All-cause Mortality   734\         345\         \<0.001\*   6.1\         2.9\         2.11\                          \<0.001\*   --                --
                        (4.8)        (2.3)                    (5.5--6.7)   (2.4--3.3)   (1.76 to 2.54)                                               

  ARF                   287\         111\         \<0.001\*   2.4\         0.9\         2.65\                          \<0.001\*   2.58\             \<0.001\*
                        (1.9)        (0.7)                    (2.0--2.8)   (0.7--1.2)   (1.93 to 3.63)                             (1.88 to 3.55)    

  ESRD                  222\         42\          \<0.001\*   1.9\         0.4\         5.01\                          \<0.001\*   4.84\             \<0.001\*
                        (1.5)        (0.3)                    (1.5--2.2)   (0.2--0.5)   (3.12 to 8.05)                             (3.02 to 7.77)    
  --------------------------------------------------------------------------------------------------------------------------------------------------------------

n/N, event numbers/total numbers.

\*Denotes p\<0.005 and was considered statistically significant.

†Adjusted for all covariates after propensity score matching ([table 1](#T1){ref-type="table"}).

aHR, adjusted HR; ARF, acute renal failure; ESRD, end-stage renal disease; IR, incidence rate; POAG, primary open-angle glaucoma; WODs, without ocular disorders.

![Cumulative (cum.) hazards in primary open-angle glaucoma (POAG) and without ocular disorders (WODs) groups in a cox proportional hazards regression model: (A) all-cause mortality; (B) acute renal failure (ARF) and (C) end-stage renal disease (ESRD).](bmjopen-2017-021270f01){#F1}

[Table 3](#T3){ref-type="table"} presents the multivariate Cox proportional hazards regression analysis results of all-cause mortality. All covariates were adjusted for after propensity score matching ([table 1](#T1){ref-type="table"}), and the POAG group had a higher all-cause mortality rate than the WODs group. Older age (≥65 years) and male sex were associated with a higher risk of all-cause mortality in the POAG group than in the WODs group. A modified CCI score of ≥1 and the baseline use of drugs, such as calcium-channel blockers, loop diuretics, sulfonylurea, insulin and aminoglycosides were associated with a higher all-cause mortality rate in the POAG group than in the WODs group.

###### 

All-cause mortality in POAG and WODs groups

                               Cox regression aHR (95% CI)   P values
  ---------------------------- ----------------------------- -----------
  All-cause mortality          2.11 (1.76 to 2.54)           \<0.001\*
  Age, years                                                 
   ≤64                         Reference                     
   65--74                      4.04 (3.18 to 5.13)           \<0.001\*
   ≥75                         11.64 (9.36 to 14.47)         \<0.001\*
  Sex                                                        
   Female                      Reference                     
   Male                        1.31 (1.08 to 1.58)           \<0.001\*
  Comorbidity                                                
   Diabetes                    1.06 (0.74 to 1.53)           0.640
   Hypertension                0.99 (0.77 to 1.27)           0.882
   Hyperlipidaemia             0.75 (0.53 to 1.06)           0.018
  Modified CCI score                                         
   \<1                         Reference                     
   1--2                        1.73 (1.38 to 2.16)           \<0.001\*
   ≥3                          3.02 (2.21 to 4.11)           \<0.001\*
  Antihypertensive drugs                                     
   ACEIs and ARBs              1.04 (0.82 to 1.32)           0.651
   β-Blockers, non-selective   1.10 (0.79 to 1.51)           0.428
   β-Blockers, selective       0.95 (0.71 to 1.26)           0.605
   CCB                         1.31 (1.04 to 1.65)           0.001\*
   Loop diuretics              1.49 (1.09 to 2.04)           \<0.001\*
  Antidiabetic drugs                                         
   Sulfonylurea                1.51 (1.05 to 2.15)           0.001\*
   Biguanides                  1.04 (0.74 to 1.47)           0.734
   α-Glucosidase inhibitors    1.33 (0.70 to 2.50)           0.213
   Thiazolidinedione           0.56 (0.25 to 1.29)           0.051
   Meglitinide                 1.42 (0.69 to 2.93)           0.177
   Insulin                     1.74 (1.17 to 2.58)           0.001\*
   Aminoglycosides             1.33 (1.04 to 1.70)           0.001\*
   Statins                     1.19 (0.80 to 1.77)           0.229
   Antiplatelet drugs          0.95 (0.76 to 1.18)           0.503

Adjusted for all covariates after propensity score matching ([table 1](#T1){ref-type="table"}).

\*Denotes p\<0.005 and was considered statistically significant.

ACEIs, ACE inhibitors; aHR, adjusted HR; ARBs, angiotensin II receptor blockers; CCB, calcium-channel blocker; CCI, Charlson Comorbidity Index; POAG, primary open-angle glaucoma; WODs, without ocular disorders.

[Table 4](#T4){ref-type="table"} presents the results of multivariate Cox proportional hazards and competing risk regression models for ARF and ESRD. The POAG group had a higher risk of ARF than the WODs group. Older age (≥65 years); a modified CCI score of ≥1 and baseline use of ACE inhibitors and angiotensin II receptor blockers, calcium-channel blockers, loop diuretics, and insulin were associated with a higher risk of ARF in the POAG group than in the WODs group. Similarly, the POAG group had a significantly higher risk of ESRD than the WODs group. In addition, diabetes, modified CCI score ≥3, and baseline use of loop diuretics and insulin were associated with a higher risk of ESRD in the POAG group than in the WODs group.

###### 

Comparison of the risks of ARF and ESRD in POAG and WODs groups

                               ARF                    ESRD                                                                                                  
  ---------------------------- ---------------------- ----------- --------------------- ----------- --------------------- ----------- --------------------- -----------
  Group comparison             2.65 (1.93 to 3.63)    \<0.001\*   2.58 (1.88 to 3.55)   \<0.001\*   5.01 (3.12 to 8.05)   \<0.001\*   4.84 (3.02 to 7.77)   \<0.001\*
  Age, years                                                                                                                                                
   ≤64                         Reference                          Reference                         Reference                         Reference             
   65--74                      2.68 (1.83 to 3.93)    \<0.001\*   2.61 (1.72 to 3.95)   \<0.001\*   0.81 (0.49 to 1.32)   0.218       0.75 (0.44 to 1.26)   0.121
   ≥75                         7.59 (5.32 to 10.82)   \<0.001\*   6.74 (4.58 to 9.93)   \<0.001\*   0.81 (0.42 to 1.56)   0.364       0.69 (0.34 to 1.39)   0.138
  Sex                                                                                                                                                       
   Female                      Reference                          Reference                         Reference                         Reference             
   Male                        1.21 (0.89 to 1.63)    0.084       1.19 (0.88 to 1.62)   0.108       1.10 (0.77 to 1.58)   0.439       1.08 (0.75 to 1.56)   0.571
   Comorbidity                                                                                                                                              
   Diabetes                    1.33 (0.78 to 2.26)    0.129       1.36 (0.77 to 2.39)   0.129       3.13 (1.61 to 6.08)   \<0.001\*   3.14 (1.36 to 7.27)   \<0.001\*
   Hypertension                0.86 (0.58 to 1.28)    0.291       0.84 (0.55 to 1.28)   0.245       0.81 (0.48 to 1.37)   0.266       0.81 (0.45 to 1.48)   0.334
   Hyperlipidaemia             1.43 (0.93 to 2.18)    0.019       1.49 (0.98 to 2.29)   0.008       0.99 (0.60 to 1.66)   0.969       1.03 (0.62 to 1.71)   0.868
  Modified CCI score                                                                                                                                        
   \<1                         Reference                          Reference                         Reference                         Reference             
   1--2                        1.74 (1.20 to 2.53)    \<0.001\*   1.66 (1.10 to 2.51)   0.001\*     1.53 (0.93 to 2.53)   0.017       1.52 (0.84 to 2.74)   0.047
   ≥3                          2.20 (1.30 to 3.71)    \<0.001\*   1.94 (1.07 to 3.54)   0.002\*     3.15 (1.69 to 5.89)   \<0.001\*   2.95 (1.45 to 6.01)   \<0.001\*
  Antihypertensive drugs                                                                                                                                    
   ACEIs and ARBs              1.49 (1.03 to 2.14)    0.002\*     1.48 (1.01 to 2.17)   0.004\*     1.55 (0.97 to 2.46)   0.008       1.55 (0.93 to 2.57)   0.016
   β-Blockers, non-selective   0.93 (0.52 to 1.67)    0.721       0.96 (0.54 to 1.71)   0.849       0.63 (0.25 to 1.57)   0.153       0.64 (0.26 to 1.57)   0.162
   β-Blockers, selective       1.28 (0.86 to 1.91)    0.080       1.33 (0.89 to 2.00)   0.047       1.31 (0.80 to 2.14)   0.129       1.30 (0.77 to 2.18)   0.156
   CCB                         1.74 (1.21 to 2.51)    \<0.001\*   1.73 (1.20 to 2.49)   \<0.001\*   1.73 (1.08 to 2.78)   0.001\*     1.71 (1.01 to 2.91)   0.004\*
   Loop diuretics              1.67 (1.05 to 2.64)    0.002\*     1.60 (0.99 to 2.59)   0.006       2.16 (1.25 to 3.75)   \<0.001\*   1.97 (1.10 to 3.51)   0.001\*
  Antidiabetic drugs                                                                                                                                        
   Sulfonylurea                1.21 (0.73 to 2.00)    0.281       1.18 (0.71 to 1.96)   0.368       1.63 (0.91 to 2.91)   0.018       1.61 (0.86 to 3.01)   0.034
   Biguanides                  1.52 (0.93 to 2.49)    0.018       1.50 (0.91 to 2.47)   0.022       1.06 (0.63 to 1.79)   0.757       1.06 (0.64 to 1.76)   0.762
   α-Glucosidase inhibitors    0.93 (0.41 to 2.09)    0.801       0.83 (0.34 to 2.02)   0.560       1.21 (0.57 to 2.57)   0.479       1.14 (0.54 to 2.40)   0.617
   Thiazolidinedione           1.21 (0.55 to 2.65)    0.503       1.34 (0.59 to 3.04)   0.321       0.53 (0.21 to 1.35)   0.059       0.59 (0.24 to 1.47)   0.102
   Meglitinide                 1.08 (0.42 to 2.77)    0.828       1.06 (0.38 to 3.01)   0.869       1.65 (0.70 to 3.88)   0.102       1.42 (0.54 to 3.69)   0.308
   Insulin                     2.60 (1.58 to 4.29)    \<0.001\*   2.46 (1.44 to 4.18)   \<0.001\*   2.04 (1.17 to 3.56)   \<0.001\*   1.87 (1.00 to 3.50)   0.005
  Aminoglycosides              1.17 (0.76 to 1.79)    0.304       1.16 (0.75 to 1.82)   0.337       0.97 (0.54 to 1.76)   0.901       1.02 (0.56 to 1.83)   0.934
  Statins                      0.76 (0.44 to 1.32)    0.168       0.73 (0.42 to 1.29)   0.125       0.85 (0.45 to 1.59)   0.466       0.83 (0.43 to 1.63)   0.449
  Antiplatelet drugs           1.23 (0.87 to 1.74)    0.087       1.23 (0.86 to 1.76)   0.107       1.45 (0.94 to 2.25)   0.016       1.45 (0.93 to 2.28)   0.020

Adjusted for all covariates after propensity score matching ([table 1](#T1){ref-type="table"}).

\*Denotes p\<0.005 and was considered statistically significant.

ACEIs, ACE inhibitors; aHR, adjusted HR; ARBs, angiotensin II receptor blockers; ARF, acute renal failure; CCB, calcium-channel blocker; CCI, Charlson Comorbidity Index; ESRD, end-stage renal disease; POAG, primary open-angle glaucoma; WODs, without ocular disorders.

Discussion {#s4}
==========

The present study evaluated the long-term all-cause mortality and was the first to examine the risk of major kidney events in patients with new-onset POAG. The major findings of our study were as follows: patients with new-onset POAG had (1) a significantly higher incidence and risk of all-cause mortality and (2) significantly higher incidences and risks of ARF and ESRD than those WODs.

In this nationwide, population-based longitudinal cohort, the analysis of long-term survival in both groups revealed that new-onset POAG is associated with a risk of all-cause mortality, with a higher association for individuals of older age and the male sex. However, studies have yet to clearly clarify the risk of all-cause mortality in patients with new-onset POAG.[@R25] For example, a meta-analysis in 2009 revealed that although the higher risk of all-cause mortality in the final pooled analysis was marginally non-significant in patients with POAG (relative risk (RR) 1.13, 95% CI 0.97 to 1.31), a pooled analysis demonstrated a significant association between POAG and cardiovascular mortality in four of the nine studies included (RR 1.20, 95% CI 1.00 to 1.43; p=0.05).[@R25] However, that review was limited to few studies and did not exclude the possibility that POAG is a part of the systemic vascular diseases that directly cause premature death. By contrast, Tarkkanen and Kivelä showed that the mortality of patients with POAG is associated with older age (median: 81.8 years) and male sex.[@R26] Moreover, in a study of 741 patients with POAG between 1996 and 2005, Hewitt *et al* reported that the mean age at death of patients with POAG was 83.8±7.8 years and was significantly associated with older age (p\<0.0001; z=−13.25). Further adjustment for age at death and male sex demonstrated that the primary cause of death was associated with ischaemic heart disease in patients with POAG (OR 1.30, 95% CI 1.08 to 1.56; p=0.006).[@R27] This finding is consistent with the Blue Mountains Eye study by Lee *et al* [@R28] which demonstrated an increased risk of cardiovascular mortality in patients with POAG. The reasons for the inconsistency in the results on the association between mortality and POAG are unknown and may be because several studies ignore that POAG is a part of systemic vascular diseases, directly causes premature death and does not increase the risk of all-cause mortality.

Cardiovascular risk factors are associated with the risk of POAG.[@R29] A systemic review and meta-analysis revealed that diabetes mellitus, a risk factor for cardiovascular and all-cause mortality[@R30] are positively associated with POAG (OR 1.35, 95% CI 1.06 to 1.74).[@R32] In addition, a meta-analysis demonstrated an association between hypertension and the risk of POAG.[@R33] In the Gangnam Eye Study of 5021 individuals, Kim *et al* reported that old age, high baseline elevated IOP and high body mass index are significant risk factors for incident POAG in the Korean population,[@R34] which is similar to the findings of Chiam *et al* in the Chinese population.[@R35] Moreover, a recent systemic review revealed a positive association between smoking and POAG.[@R36] Therefore, these studies support cardiovascular involvement in the pathogenesis of POAG in the general population.

A population-based retrospective cohort study of 3510 patients with POAG from 2001 to 2011 in Taiwan demonstrated a significant association between POAG and ischaemic heart disease (aHR 1.41, 95% CI 1.16 to 1.72).[@R37] In addition, atherosclerotic events are risk factors for renal failure.[@R38] Our results demonstrated that the POAG group had a higher risk of ARF and ESRD than the WODs group. Although the underlying mechanisms remain unclear, the atherosclerotic vascular processes in POAG may be involved in the progression of renal failure.

The present study had some strengths, such as large sample size and the use of a nationwide database and propensity score matching. This population-based cohort study adjusted for all potential risk factors to minimise the study errors. To ensure the reliability of ARF and ESRD outcomes, the frameworks of competing risk models were constructed on the basis of the method used by Lau *et al* in an epidemiological study.[@R24] However, despite its strengths and novelty, the present study had some limitations. First, the Taiwan NHIRD protects the privacy of patients; therefore, we could not obtain information regarding the educational level, occupation, use of tobacco and alcohol, and family history of patients. Second, data on the causes of death were not available from the NHIRD; therefore, we could not compare the causes of death between the POAG and WODs groups.

Conclusion {#s5}
==========

In this nationwide long-term cohort study, the POAG group had substantially higher risks of all-cause mortality, ARF and ESRD than the propensity score-matched WODs group. Notably, this study was the first to demonstrate that patients with new-onset POAG are at an increased risk of major kidney events. Therefore, evaluating the risks of all-cause mortality and major kidney events in patients with new-onset POAG should be mandatory.
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